Congenital corneal opacities have been recognised since last century. Several underlying abnormalities have been described, including sclerocornea, Peters' anomaly, and congenital corneal clouding. This latter, congenital hereditary corneal dystrophy, had been described in the European ophthalmic literature,'-7 but it was not until Maumenee's8 report that the primary pathology was recognised as an anomalous development of the corneal endothelium. Since that time a number of further reports have appeared, mostly as individual cases"3 but also in the form of small series."'8 It is clear that there has been duplication of material between several of these publications. Recent reports have concentrated on description of the ultrastructural abnormalities in this condition. Judisch and Maumeneel" made an attempt to differentiate the clinical behaviour of the oedematous corneas on the basis of dominant or recessive inheritance, but without regard for the ultrastructural details in either case.
The prognosis for useful vision in patients with congenital hereditary corneal oedema is still said to be poor, and penetrating keratoplasty is likewise thought to carry a poor prognosis of graft survival. "9 In an effort to document the clinical manifestations of this condition and to elucidate useful prognostic factors as to maintenance of visual function and likely outcome of penetrating keratoplasty we report a series of 23 patients presenting to the surgeons of the In one case it was not known when in childhood the signsfirst appeared.
of at least one of the authors personally. The diagnosis of congenital hereditary corneal oedema was made on the basis of clinically recognisable, bilateral, corneal oedema developing in early life, and in the absence of any other anterior segment abnormality. Twenty-three affected individuals were identified, presenting between the ages of 3 months and 61 years, mean 13*5 years ( Fig. 1 ). Corneal clouding had been observed in these patients from birth to as late as 8 years (Fig. 2 ). There were 15 males and 8 females.
One family was observed whose inheritance pattern was clearly autosomal dominant, and here the sex distribution of those seen was one male to five females, and 6:19 overall (Fig. 3, Figs. 4A , B, C).
The remaining patients had either an autosomal recessive pattern (eight patients) or probable recessive pattern (nine patients). Fifteen patients were British, five Iranian, three Saudi Arabian, and one was Pakistani (Figs. SA, B) .
Progression of the corneal signs-that is, increase in oedema, development of corneal stromal scarring, and deposition of opaque plaques-was observed in four of the recessives and three of the dominants (Fig. 6) . Vascularisation was clinically apparent in two patients over 50 years of age. Spheroidal keratopathy was seen in three of the dominants who were over 30 years of age and a similar change was seen in one 24-year-old recessive from Iran. One recessive case showed a temporary regression of the signs but at no time did he achieve normal visual acuities. No patient had any other anterior segment, developmental abnormality.
Five patients had undergone glaucoma surgery elsewhere, one in adulthood, the others in infancy (Table 1) . In three patients, including one dominant, there was manifest nystagmus, and one had latent nystagmus. Strabismus was seen in four patients; one had an esotropia, two had an exotropia, and one an exophoria. No patient had both a squint and nystagmus.
One further case, a child aged 7 years, developed an exodeviation following his first graft, but this recovered after the second eye received a graft with evidence of good retained binocular function. No patient had any associated systemic abnormality. Results
SURGERY
Twenty patients underwent penetrating keratoplasty, nine unilaterally and 11 bilaterally, that is, 31 eyes had penetrating grafts. A total of 37 grafts were performed on these eyes. This included one eye which had a combined trabeculectomy and penetrating keratoplasty, having had a previous trabecu- lectomy. Follow-up was from six weeks to 11 years (mean 39 months). Three patients did not undergo keratoplasty ( Table 2) . The age at which the first graft was performed in any individual is shown in Fig. 7 . The size of the grafts varied from 6 mm to 8 mm (Fig. 8) .
In those eyes receiving a graft the preoperative visual acuity was less than 6/60 except in three eyes, whose acuity was 6/24, 6/36, and 6/60 respectively.
The results of penetrating keratoplasty are summarised in Figs. 9-11. Penetrating keratoplasty resulted in a significant improvement of visual acuity in every eye while the graft remained clear. By six months after keratoplasty the majority of eyes (66%) attained a best corrected acuity of 6/18 or better, which is equivalent to an improvement of at least three lines on the Snellen chart. The acuity achieved after successful keratoplasty did not correlate with the age at which the ocular abnormality was first observed or the age at which surgery was undertaken, though it is interesting to note that the three patients whose gain was least were also the oldest three patients at the time of surgery.
COMPLICATIONS
One patient showed a transient rise in intraocular pressure which reverted to normal following cessation of topical steroid therapy. Corneal graft rejection episodes were encountered in four eyes. In only one eye was this successfully reversed and the graft clarity preserved (Table 3 ). Of the other three eyes two were successfully regrafted and currently retain clear grafts. The remaining eye was regrafted on three further occasions, but all grafts were rejected. The rejection episodes were seen only in patients operated upon before 15 years of age.
One graft developed suppurative keratitis and became opaque. One eye suffered a traumatic rupture of the graft-host wound eight months following keratoplasty, with loss of lens, iris, and vitreous CF specimens were of full thickness corneal discs. In some of the earlier cases only lamellar specimens were received, and Descemet's membrane and endothelium were not available for comment. Twenty cases, including nine from three generations of the autosomal dominant family, were examined. Electron microscopy (EM) of the cornea was performed on four members of this family (the two more senior members were previously reported on'4 in 1969). The EM results in the dominant group were compared with those of six corneas from five patients with the recessive form of the condition. 2yr 3yr 4yr 5yr
Light microscopy Changes were observed in all corneal tissues, and the results are summarised in Table 4 . Marked atrophy of the epithelium was observed in five corneas from the dominantly inherited group and three from the recessives. Most epithelia showed basal oedema (Figs. 12, 13). Subepithelial fibrosis was more marked in the dominant group, seen in 60% of the biopsies but only in three of 16 from the recessive patients. Calcification of the subepithelial zone was present only in two of the dominant patients and none of the recessives (more was seen in the deep stroma at EM level).
Partial loss of Bowman's membrane was extremely common, seen to some extent in all of the dominant patients and all but two of the recessives. Stromal changes, at light level, were objectively confined to reporting the presence or absence of spheroidal (droplet) degeneration, present in six of the 
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tation and disorganization of collagen fibres, and Membrane bound melanin granules were seen on degeneration in keratocytes. 4 both TEM and SEM of dominant cases inside In the four dominant cases DM was predominantly rounded or humped endothelial cells (Figs. 17, 18 ). thickened by an irregular increase in thickness of the Parts of the thickened disorganised Descemet's posterior non-banded portion, while the anterior membrane were bare, without a covering of endobanded zone was of normal thickness and arrange-thelial cells. In one dominant case there was obvious ment (Fig. 15) . In these cases an irregular felt-like or overgrowth of cells, covering more effete rounded bird's nest-like (on SEM) array of matted collagen cells with vacuolated cytoplasm. The posterior coverfibrils was laid down without an orderly pattern, with ing cells were more electron dense, with more little basement membrane-like material but with organelles present. small foci of long-spacing collagen (Fig. 16 ). This
Frank multilayering of cells was apparent only in irregular thickening, forming a posterior collagenous the younger recessive case examined. In the recessive layer, was in contrast to the recessive group. group as a whole there was slightly less tendency for Five recessive cases (six corneas) were examined healthier cells to become flattened in an attempt to with TEM; scanning electron microscopy (SEM) was cover up the effete electron lucent cells. Some areas performed in two. Descemet's membrane was evenly appeared normal on SEM, but the cratered, vacuothickened. The anterior banded zone was regularly lated cells were present in recessive cases. Few of the and normally thick. The non-banded zone showed cells examined in detail showed the marked melania homogeneous thickening by a more organised sation seen at light microscopy (Figs. 19A, B) . corneal endothelium, congenital hereditary corneal oedema of Maumenee (CHCO) appears to be a single, specific clinical entity characterised by the finding at or soon after birth of diffuse corneal oedema affecting both eyes symmetrically without other significant developmental abnormalities of the anterior segment of the eye. The main differential diagnosis is from congenital glaucoma and the mucopolysaccharidoses. CHCO should be readily distinguishable from congenital glaucoma by the finding of a normal corneal diameter, the absence of splits in Descemet's membrane or of any abnormality of the iris, and a normal intraocular pressure. It is noteworthy that in our series of 23 patients five had undergone surgery for glaucoma previously, four having had two or more operations in early infancy for 'congenital glaucoma'. Previous authors have reported similar instances." 3 15 In the case of mucopolysaccharidosis the corneal oedema during childhood is occasionally seen, as in at least one of our cases, but never to complete normality.
It is remarkable that, in spite of significant corneal clouding from birth, visual development is often little impaired, as shown by substantial improvement of visual acuity following keratoplasty even if this is delayed into adolescence or adulthood. The infrequency of nystagmus may also support this contention. Nystagmus is in any case of little predictive Our observations lead us to caution against penetrating keratoplasty in early childhood for CHCO. It seems prudent in most cases to delay surgery until the visual disability can be properly assessed in the knowledge that delay does not appear to prejudice visual results in a successful graft. It is our view that the hazards of corneal graft surgery in infants far outweigh the advantages to be gained from early surgery in this condition. We consider it is reasonable to conclude from our series that penetrating keratoplasty has a relatively good prognosis in CHCO and is justified in patients whose visual disability warrants it.
Two distinct patterns of inheritance have been described in this condition by Judisch and Maumenee. 8 They did not examine any patients from a dominant pedigree themselves but quoted the family reported by Pearce et al."4 This is the same family (several years earlier) as the one we present. Typically, the recessive type is said to be found earlier and not to be progressive, in contrast to the dominant pattern. We found a few cases which were clearly progressive in both groups. Presentation may be later in the dominant group for reasons other than poor sight-for example, because the families are familiar with the condition and believed until recently that surgery would not be of benefit to them. It is interesting to note that in successive generations of our dominant family presentation has been progressively earlier. Associated symptoms of photophobia are uncommon, but, if the oedema is longstanding, secondary degenerative changes may be brane's structure should reflect the variation in physiological circumstances and function of the endothelial cell beneath. We did observe that nonspecific bird's-nest pattern of fibrillary collagen deposited as a PCL27 was more common in the autosomal dominant group. This type of PCL has been described following a wide variety of traumatic conditions as well as in CHCO. In at least some of our cases it could not be attributed to previous surgery.
We did not observe the fibrocellular type of PCL,27 though this may be a possible variant, especially in those cases where fibroblastic metaplasia of endothelial cells has been observed.1016 It is interesting that in the dominant group the anterior banded zone of Descemet's membrane was present and of normal thickness. This supports the contention that, in utero, the function of endothelial cells between the third and eighth month of gestation was normal, permitting normal secretion of collagen and banding of this zone. This phase of anterior zone (ABZ) growth in normal corneas appears to occur at a faster rate than the secretion of the posterior non-banded zone, as the whole of the three ,um thickness of the ABZ is laid down in four months while the subsequent deposition of the posterior non-banded zone takes longer, with accumulation of the mixed basement membrane and collagen material occurring at a slower rate, with a more gradual slope on the growth curve.' I In both our autosomal dominant and recessive groups the thickness of the whole Descemet's membrane is greatly increased, and the distribution of the results of the thickness compared with the predicted thickness (Fig. 20) seems to point to growth at the accelerated prenatal phase rate continuing after birth, without the usual slowing down, especially in the recessive group. This makes the observation from our cases of recessive disease-that Descemet's membrane is usually thickened not by a non-specific fibrillary PCL but by accumulation of normal, posterior, non-banded zone material (mixed collagen and basement membrane)-even more fascinating. It implies that the normal restrictive pattern of endothelial synthesis and secretion is not enforced.
There does appear to be a subtle difference between dominant and recessive cases, both quantitatively in the thickness of collagen laid down in the expansion of Descemet's membrane and in the apparent rate of such deposition. Qualitative differences are also seen in the increased tendency of the deranged endothelium to lay down a normally constituted, homogeneous, posterior, non-banded Degeneration in the form of vacuolation was first described by Pouliquen et al. I and we demonstrated these cistern-like vacuoles clearly, both in SEM and TEM. The overriding of cells, which appear to be an effort to cover ineffectual (presumably leaky) endothelial cells, have not been described before in CHCO.
Our findings support the hypothesis that in cases with thinned or attenuated Descemet's membrane, complete endothelial dysfunction occurs in utero, so that only fetal ABZ is secreted. Thick Descemet's membrane on the other hand is the probable result of persistent dystrophic endothelium secreting a posterior collagenous layer. '9 In addition, however, we would like to postulate that the process, in the recessive group especially, also constitutes a persistent failure of growth regulation, leading to accumulation of a functionally abnormal and structurally exaggerated form of posterior nonbanded Descemet's membrane. 
